A nemia is a potent risk factor for mortality and morbidity in surgical patients, and its management has begun to shift away from allogeneic blood transfusion in recent years. This article reviews the clinical importance of perioperative anemia, the role and shortcomings of blood transfusion, and the pros and cons of alternative approaches to managing perioperative anemia. I conclude with an overview of a program for perioperative blood product use at my institution, Cleveland Clinic.
  SIGNIFICANCE OF PERIOPERATIVE ANEMIA Prevalence depends on many factors
The reported prevalence of anemia in surgical patients varies widely-from 5% to 76% 1 -and depends on the patient's disease and comorbidities, the surgical procedure and associated blood loss, and the defi nition of anemia used. The prevalence of preoperative anemia increases with patient age and is higher in women than in men. 2 
A multiplier of risk
Anemia is an important multiplier of mortality risk. For example, the presence of anemia raises the relative risk of 2-year mortality from 2.05 to 3.37 in patients with chronic kidney disease, from 2.86 to 3.78 in patients with heart failure, and from 4.86 to 6.07 in patients with concomitant heart failure and chronic kidney disease. 3 Adverse effects of anemia have been demonstrated specifi cally in the perioperative setting as well. A large retrospective cohort study showed that a preoperative hemoglobin concentration of less than 6 g/dL increases the risk of death 30 days after surgery by a factor of 26 relative to a concentration of 12 g/dL or greater in surgical patients who declined blood transfusion for religious reasons. 4 The anemia-associated mortality risk was especially pronounced among patients with cardiovascular disease. 4 Other studies have demonstrated perioperative anemia to be associated with increases in the risk of death, 5 cardiac events, 6 pneumonia, 7 and postoperative delirium. 8 
  IS BLOOD TRANSFUSION THE ANSWER?
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Blood supply challenges
Blood collection has historically lagged demand, resulting in a blood supply insuffi cient to meet transfusion needs. According to the federal government's 2007 National Blood Collection and Utilization Survey Report, 6.89% of US hospitals reported that they cancelled elective surgery on 1 or more days in the prior year because of a lack of blood availability, and 13.5% experienced at least 1 day in which nonsurgical blood needs could not be met. 9 Unless practices are changed to increase blood donation, these unmet tranfusion needs may grow.
Joint Commission set to measure blood management
In response to this challenge, an advisory panel formed by the Joint Commission has identifi ed 17 performance measures related to blood conservation and appropriate transfusion. 10 These measures are currently in development, and we expect to see some types of metrics in the near future. Such metrics are likely to further prioritize blood management for US hospitals.
Safety of the blood supply: Viral transmission down, TRALI risk persists
The safety of the blood supply has improved markedly. Sophisticated testing and public demand have led to a dramatic decline in the risk of transfusion-related transmission of HIV, hepatitis C virus, and hepatitis B virus.
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Despite this progress, the risk of transfusion-related acute lung injury (TRALI) has persisted in recent years. TRALI is characterized by acute onset of noncardiogenic pulmonary edema within 6 hours of blood product transfusion. Believed to be immune-mediated, TRALI is thought to occur as antibodies to human leukocyte antigens develop, inducing capillary leak syndrome. 12 The patients most commonly affected are those who receive plasma from multiparous female donors. A recent evaluation of transfusion-related fatalities reported to the US Food and Drug Administration (FDA) revealed a continual rise in fatal TRALI cases in the United States from 2001 to 2006. [13] [14] [15] TRALI was implicated in more than half of all transfusion-related fatalities reported to the FDA in 2006, a higher number than for any other single cause. 13 At the same time, there is evidence that hemovigilance can reduce TRALI risk. In the United Kingdom, the Serious Hazards of Transfusion Steering Group introduced in late 2003 a policy of using plasma from male donors as much as possible, in view of the association of TRALI with plasma from multiparous female donors. The effort appeared to pay off: whereas TRALI accounted for 6.8% of all transfusion-related adverse events reported in the United Kingdom during the period 1996-2003, 16 this proportion declined to just 1.9% in 2006. 17 Finally, despite the progress in screening blood for more established infections like HIV and the hepatitis viruses, some additional infections now must be considered when assessing blood supply safety. These include diseases newly recognized as being transmissible by blood, or for which blood donor screening is not currently available, or that are newly emergent infections for which the potential for spread by transfusion is unknown. For such diseases-which include malaria and West Nile virus-the risk of transmission through transfusion is low, as they are much more likely to be acquired by other means.
Transfusion and outcomes: Not a strong record
Transfusion has never undergone safety and effi cacy evaluation by the FDA. Given the challenges of conducting a randomized study of transfusion in the perioperative setting, we may never have high-quality data to assess transfusion in this setting.
A few studies merit mention, however. The Transfusion Requirement in Critical Care (TRICC) trial was conducted in 838 critically ill patients in the intensive care setting. 18 Patients were randomized to a strategy of either liberal transfusion (begun when hemoglobin fell below 10 g/dL) or restrictive transfusion (begun when hemoglobin fell below 7 g/dL). Thirty-day mortality was similar between patients in the two strategy groups, but the restrictive strategy was associated with signifi cantly lower mortality in at least two subgroups: patients with myocardial infarction and patients with pulmonary edema. Further subgroup analysis found no benefi t of early or aggressive transfusion in patients with coronary artery disease or in those requiring mechanical ventilation.
Rao et al performed a meta-analysis of three large international trials of patients with acute coronary syndromes to determine whether blood transfusion to correct anemia in this setting was associated with improved survival. 19 They found signifi cantly higher mortality among patients who underwent transfusion compared with those who did not, prompting them to urge caution in the use of transfusion to maintain arbitrary hematocrit levels in stable patients with ischemic heart disease.
Similarly, a risk-adjusted, propensity-matched analysis of 6,301 patients undergoing noncardiac surgery found that receipt of 4 U of blood or more was a predictor of greater mortality, higher risk of infection, and longer hospital stay. 20 Moreover, in an observational cohort study of 11,963 patients who underwent isolated coronary artery bypass graft surgery, each unit of red blood cells transfused was associated with an incrementally increased risk of adverse outcome (eg, mortality, renal injury, need for ventilator support, lengthened hospital stay, infection). 21 The latter study found that transfusion was the single factor most reliably associated with increased risk of postoperative morbidity.
Additional studies have echoed these fi ndings-ie, that perioperative blood transfusion has been associated with a host of adverse outcomes, including increased PERIOPERATIVE MANAGEMENT OF ANEMIA morbidity and length of stay, increased rates of postoperative infection, as well as immunosuppression, viral transmission, and acute transfusion reactions.
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Outcomes and duration of blood storage An interesting factor in the relation between transfusion and outcomes is the shelf life of the blood being transfused. The FDA currently allows storage of blood for a maximum of 42 days, but a recent study of patients who received red blood cell transfusions during cardiac surgery found that those who received "older blood" (stored for > 14 days) had signifi cantly higher rates of sepsis, prolonged intubation, renal failure, in-hospital mortality, and 1-year mortality compared with those who received "newer blood" (stored for ≤ 14 days). 24 These differing outcomes are generally attributed to the so-called storage defect: as blood gets older, it loses components such as 2,3-DPG and adenosine disphosphate, its red cells lose deformability, and it undergoes buildup of cytokines and free hemoglobin. Increased demand for newer blood in light of the storage defect could further intensify pressures on the blood supply.
  MANAGEMENT OF PERIOPERATIVE ANEMIA
In light of these shortcomings of blood transfusion, how should anemia be managed perioperatively to reduce or avoid the need for transfusion?
Preoperative evaluation
Vigilance for anemia and related issues in the preoperative evaluation is fundamental. The evaluation should elicit a history of bleeding tendencies, previous transfusions, and symptoms of anemia. Medications should be reviewed with an eye toward any that may predispose to perioperative bleeding and anemia, such as aspirin, clopidogrel, and anticoagulants. During the physical examination, alertness for pallor and petechiae is key, as is attentiveness to symptoms of anemia such as shortness of breath and fatigue.
The laboratory work-up begins with a measure of hemoglobin: anemia is defi ned as hemoglobin less than 13 g/dL in males and less than 12 g/dL in females. If anemia is present and is associated with another hematologic abnormality, the patient should be referred to a hematologist for bone marrow examination. If no other hematologic abnormality exists, the ensuing work-up relies on red blood cell indices as detailed in Figure 1 . 25 The goal is to identify those conditions for which intervention in the short term is possible-namely, anemia of chronic disease, iron defi ciency, and vitamin B 12 deficiency. Findings suggestive of other conditions require further evaluation at a preoperative center.
Overview of management options
Once the cause of anemia is identifi ed, the choice for optimal medical management can be made. Choices broadly consist of pharmacologic and technological options. The former include iron supplements and erythropoiesisstimulating agents. Among other pharmacologic options are thrombin, collagen, fi brin glue, tranexamic acid, and aminocaproic acid, but these agents are less well studied and will not be discussed here. Technological options include preoperative autologous blood donation, cell salvage, and acute normovolemic hemodilution. In addition to these options, careful management of anticoagulant and antiplatelet medications should be provided, including discontinuation or substitution of drugs that could hamper clotting perioperatively.
  PHARMACOLOGIC OPTIONS
Iron supplementation
Oral iron is available in four preparations: ferrous sulfate, ferrous gluconate, ferrous fumarate, and iron polysaccharide. Gastrointestinal side effects may limit these preparations' tolerability. Iron supplements with a high elemental value will require fewer pills and fewer doses, reducing the risk or frequency of side effects.
Intravenous (IV) iron preparations are much safer now than they were years ago, when anaphylactic reactions were a concern. The ones generally used in the perioperative setting are iron sucrose and iron gluconate. Unlike the older IV preparations, the use of iron sucrose and iron gluconate often requires a second dose. The effect on hemoglobin levels usually occurs starting at 1 week, with the maximum effect achieved at 2 weeks. Hypotension, arthralgia, abdominal discomfort, and back pain are potential side effects of IV iron.
Effi cacy and safety of iron supplementation. Evidence of the effi cacy of preoperative iron supplementation is mounting. A study of 569 patients undergoing colorectal cancer surgery found that among the 116 patients who were anemic, intraoperative transfusion was needed in a signifi cantly lower proportion of those who received 2 weeks of preoperative oral iron supplementation (200 mg) compared with those who received no iron therapy (9.4% vs 27.4%; P < .05). 26 Similarly, in an uncontrolled study, 10 days of IV iron sucrose starting 4 weeks preoperatively signifi cantly increased hemoglobin levels in 20 patients with iron-defi ciency anemia prior to elective orthopedic surgery. 27 Risks of infection and cancer progression have been concerns with IV iron therapy. However, no signifi cant association between IV iron therapy and bacteremia was identifi ed in a prospective study of 985 patients receiving chronic hemodialysis. 28 The effect of IV iron administration on tumor progression has not been prospectively studied.
In general, IV iron, especially the newer forms, is a safer alternative to blood transfusion. Death occurs at a much lower rate with iron than with blood transfusion (0.4 per million vs 4 per million, respectively), as do life-threatening adverse events (4 per million vs 10 per million, respectively), according to a systematic review by the Network for Advancement of Transfusion Alternatives. 
Erythropoiesis-stimulating agents
Erythropoiesis-stimulating agents (ESAs) include epoetin alfa (erythropoietin), fi rst approved by the FDA in 1989, and the more recently introduced darbe poetin alfa. They are approved to treat anemia in several patient populations, but only epoetin alfa is approved by the FDA explicitly for use in patients undergoing major surgery (to reduce the need for blood transfusions). The ESAs have come under intense scrutiny in recent years over their risk-to-benefi t ratio, as detailed below.
The preoperative dosing schedule for epoetin alfa is usually three weekly doses (plus a fourth dose on the day of surgery) if the surgery is scheduled 3 or more weeks in advance. However, daily dosing can be used effectively if the preoperative period is less than 3 weeks, provided that it is continued until 4 days after surgery. Oral iron is necessary throughout the course of epoetin alfa therapy.
Effi cacy in reducing transfusions. In a systematic review published in 1998, epoetin alfa was shown to minimize perioperative exposure to allogeneic blood transfusion in patients undergoing orthopedic or cardiac surgery. 30 Its benefi t was greatest in patients at the highest risk of requiring transfusion. It was effective whether given daily or weekly, and did not signifi cantly increase the risk of thrombotic events when used in surgical patients, although some studies did fi nd an excess of thrombotic events with its use.
In three randomized trials conducted in patients undergoing joint arthroplasty (hip or knee), epoetin alfa was associated with substantial and signifi cant reductions in perioperative blood transfusion compared with placebo or preoperative autologous blood donation. [31] [32] [33] Rates of deep vein thrombosis (DVT) did not differ signifi cantly between the epoetin alfa and placebo groups.
Concerns over perioperative thromboembolic risk. In early 2007, the FDA was made aware of preliminary results of an open-label study in which 681 patients undergoing elective spinal surgery who did not receive prophylactic anticoagulation were randomized to epoetin alfa plus standard-of-care therapy (pneumatic compression) or standard-of-care therapy alone. 34, 35 The incidence of DVT was 4.7% in patients treated with epoetin alfa compared with 2.1% in those not receiving epoetin alfa. It is important to note that the available ESAs are prothrombotic and increase thrombotic risk signifi cantly, especially in populations like this one in which pharmacologic DVT prophylaxis is not routinely used.
Based in part on this study, the FDA in 2007 required a boxed warning to be added to the ESAs' package inserts to specify the increased risk of DVT with their use in surgical patients not receiving prophylactic anticoagulation. The warning urges consideration of the use of DVT prophylaxis in surgical patients receiving an ESA.
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  TECHNOLOGICAL OPTIONS AND OTHER STRATEGIES Autologous blood donation: A practice in decline
In cases of elective surgery, autologous blood donation can be used to protect against disease transmission and overcome the challenge of blood type compatibility. Preoperative autologous donation of blood has been a prevalent practice, but its use is declining. One reason is that waste is high (approximately 50% at Cleveland Clinic), which makes this practice more costly than is often realized. Also, autologous blood donation increases the likelihood that the patient will be anemic on the day of surgery, so that he or she may still need allogeneic blood after all, defeating the initial purpose. Despite these limitations, preoperative autologous blood donation remains a useful option for a subset of patients with multiple antibodies for whom donor blood may be diffi cult to obtain.
Cell salvage
Cell salvage is an innovative technology that recovers the patient's own blood (after being shed from the surgical incision) for transfusion after fi ltering and washing. It is particularly well suited to procedures that involve massive blood loss. Cell savage requires technical expertise, however, and involves costs associated with both the machine and disposables.
Restricted postoperative phlebotomy
Phlebotomy accounts for a signifi cant amount of blood loss, especially in intensive care patients with arterial lines. The equivalent of 30% of total blood transfused has been reported to be lost to phlebotomy during an intensive care unit stay. 36 Triggers for transfusion cannot be assigned universally based on blood loss from phlebotomy but must consider the patient's hemodynamic status, cardiac reserve, and other clinical characteristics.
  PROMOTING RESPONSIBLE BLOOD PRODUCT USE
Blood is expensive, and in recent years hospitals have experienced increases in the cost of blood and blood products. To promote responsible blood use, we have developed a multipronged approach to blood management at Cleveland Clinic. The program's cornerstone is increased awareness of the risks associated with blood transfusions. The emphasis is on educating staff physicians and other caregivers about the appropriate use of blood products. We also have implemented a new policy requiring staff authorization for all blood requested in nonemergency situations. Additionally, requests for blood components require adherence to an indicationbased ordering process. Finally, data about blood use are shared transparently among physicians, encouraging good clinical practice.
Our program has also involved development and Epoetin alfa (600 U/kg subcutaneously) given as 4 injections (approximately 21, 14, and 7 days before surgery, and on day of surgery).
Lab tests on days of epoetin alfa injection: -Hemoglobin and reticulocyte count at each visit -Labs sent to designated IMPACT Center staff or nurse practitioner -Nonresponders: refer to hematology department implementation of a preoperative anemia protocol to explicitly defi ne the indications for use of ESAs, iron therapy, and vitamin B 12 therapy in patients undergoing joint arthroplasty (Figure 2) .
In the fi rst 7 months of the program, we observed decreased utilization of blood products in the inpatient setting. Notably, the reduction in blood use was signifi cantly greater in the surgical population than in the medical population.
  CONCLUSIONS
Anemia is associated with increased morbidity and mortality in the perioperative setting. Perioperative blood transfusion is one method of raising hemoglobin levels in anemic surgical patients, but it increases perioperative morbidity in the form of acute transfusion reactions, immunosuppression, postoperative infection, and longer hospital stays. Moreover, blood collection continues to lag blood demand. For these reasons, most relevant major medical organizations-including the Association of Blood Banks, the American Red Cross, and the FDA-advise that red blood cell-containing components should not be used to treat anemias that can be corrected with medications. These medical alternatives-all of which can be used in the perioperative setting-include iron supplementation, vitamin B 12 , and ESAs in select patient groups.
  DISCUSSION
Question from the audience: Are there risks involved with autologous blood donation? Are different hemoglobin thresholds used when a patient's own blood is used? Dr. Kumar: As I mentioned, preoperative autologous donation is a technique that is less frequently used in our hospital. Autologous transfusion is considered safe only for patients who come to the clinic with normal hemoglobin values. Some patients may not have recovered from their blood loss by the time they come to surgery, so you end up needing to give them more blood because they started out anemic.
Question from the audience: Is there risk to giving patients back their own blood? Do you have to worry about transfusion-induced lung injury, sepsis, or other complications?
Dr. Kumar: As with allogeneic blood, the risk of clerical or clinical error exists with autologous blood: it too needs to be kept on the shelf, taken out, and infused, and the risk of sepsis remains the same.
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